We isolated large quantities of mesophyll protoplasts from source and sink leaves of soybean plants and examined them for amino acid uptake. Accumulation of amino acids in isolated protoplasts was linear for at least 40 minutes. Uptake kinetics revealed the presence of both saturable and linear components. Increasing external pH decreases the uptake. The uncoupler, carbonyl cyanide p-trifluoromethoxyphenylhydrazone at 15 micromolar inhibited and fusicoccin at 10 micromolar stimulated amino acid uptake. Our data are consistent with a proton-cotransport mechanism for the uptake of L-glutamine and a-amino isobutyric acid into soybean mesophyll cells.
Three major obstacles in our understanding of the mechanism(s) of amino acid uptake in higher plants are: (a) the rapid intracellular metabolism of most natural amino acids (b) the influence of the medium pH on the charge species of the acid, and (c) the possible binding of the acid to components of the cell wall and membrane. Depending upon the species of amino acid and the tissue which was used, a proton-cotransport, protonantiport, or neutral-transport (transport of the charged acid molecule) mechanism has been proposed for amino acid transport in plant tissues (6, 7, 1 1).
Although isolated protoplasts have been used to study amino acid uptake in higher plants (4, 5, 10, 13, 15) , less research effort was made in this subject than that in sugar uptake. Isolation of protoplasts involves a high osmotic stress to plant tissue, and it is known that in some cases protein synthesis can be disturbed under these conditions (13, but see 10) . The disturbance of protein syntheses could temporarily shut down amino acid incorporation into protein molecules thereby making the uptake constants reflect more of the carrier mediated process and less the influence of metabolism. The removal of the cell wall components during protoplast isolation also eliminates the apoplastic effects on the uptake processes associated with the wall.
In this investigation, we examined the feasibility of using protoplasts as a tool to study amino acid transport mechanism(s). A comparison was made of the uptake characteristics between the two protoplast populations which were isolated from source and sink soybean leaf tissues. MATERIALS (9) . Less than 15 s were required to pellet the protoplasts. Radioactivity was measured by liquid scintillation counting, as previously described (9) . Protein content was measured using the Bio-rad microprocedure (2).
All uptake solutions, except those for the pH experiments were buffered and maintained at 0.5 M sorbitol, 25 mm Mes, and 10 mM CaCl2 (pH 6.0). For the pH experiments, a mix of 25 mM mes, 25 mm bicine, 25 mm Hepes, and 25 mm citrate at 10 mm CaCl2 and 0.5 M sorbitol was used for the pH 4 to 8 range.
RESULTS AND DISCUSSION
Time Course. An initial characterization of the amino acid uptake by the protoplasts was examined with a time course of AIB2 and L-glutamine accumulation. AIB has been used as a nonmetabolized amino acid analog in plants (3, 5, 12, 14) . This was confirmed by our preliminary results with soybean MP protoplasts which showed that 91% ofthe AIB taken up remained in a form that co-chromatographed with a standard. L-Glutamine and AIB uptake into MP isolated from sink leaves was linear for at least 40 min (Fig. 1, A and B ). Figure 1 also shows that the uptake of glutamine by the protoplasts was 10 times greater than that of AIB. This rapid uptake could be due to the cellular utilization of glutamine. The time course of source MP also followed a linear accumulation pattern (data now shown). Based on these time courses, it was assumed that uptake processes lasting 20 min were under steady state conditions. Kinetic Measurements. The effect of exogenous glutamine concentration on glutamine uptake into both source and sink MP showed a linear and a saturable uptake kinetic (Fig. 2) Examination of the effect of external AIB concentration on the rate of uptake (kinetic curves) indicated there was little or no saturation of uptake in the concentration range tested ,gM) (Fig. 3) . A similar linear uptake (lack of saturable uptake component) for AIB into excised intact soybean cotyledons was observed previously (1) . As a result, the above equation could 81, 1986 250r extrusion, affect uptake (14) .
To investigate the effect of protons, the uptake of amino acids was examined in the range of pH 4 to 8. A single buffer system was used to minimize buffer effects. At a 300 gM glutamine concentration, the uptake into both sink and source MP decreased with increasing external pH. L-Serine and AIB also showed an uptake inversely related to the system pH (Fig. 4, A  and B) . The effect of external pH on AIB uptake can be further distinguished by replotting the uptake data with the ordinate calculated as the percentage of the uptake at pH 6.0. Figure 5 , A and B, shows that the three amino acids all respond in the same fashion. Comparison of the sink and source tissues shows that there is little difference between the pH response of the tissues.
Chemical Effects. The susceptibility of uptake to inhibition by chemical modifiers, which impact on the energy status of the cell, is typically used as a gauge in differentiating the active and passive transport process. Diffusional processes are not affected by chemical modifiers at the concentration tested; only the energy status of the cell is thought to be affected. The use of FC causes a stimulation in the H+-ATPase and leads to a higher level of H+ efflux and therefore, a stimulation of transport mediated by a proton-cotransport process. In source MP, AIB uptake was doubled by 10 ,AM FC, while glutamine uptake was stimulated 39% (Table I) . FC did not stimulate either AIB or .C 01%. Since most natural amino acids are readily metabolized in plant cells, caution must be exercised in the interpretation of amino acid uptake data. As shown in this study, tissue which has a higher metabolic activity, e.g. sink tissue, exhibits a higher apparent uptake, yet this uptake is less sensitive to commonly used uptake modifiers. The impact of metabolism on the total amino acid accumulation, resulting from membrane transport plus metabolism is, therefore, greater in the sink than the source tissue.
